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Thestatementbeginningon page9, line28andendingon Mne 32
is notstrictlycorrectandshouldbe changedto readas follows:

It shouldhe notedthatthepressurerisesforthedataof reference4
are lowerthanthosereportedin thisreferencesincean attempthas
beenmadeto reevaluatethepressurerisecloserto thepointof inter-
sectionof theshockwaveandboundarylayer
schlierenphotographsfurnishedby theLewis
takenduringthecourseof theinvestigation
moreover,dataare includedfromphotographs
NAcA-Langiey-2-la-53-1000

by examinationof full-size
Laboratoryof the.NACAand
reportedinreference4;
notpublishedinreference4. ~
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SUMMARY

A dimensionalstudyandan experimentalinvestigationhavebeen
madeon thepressureriseacrossshockwavesrequiredto causesepara-
tionof theboundarylayeron a flatplate. The interactionof shock
waveandboundarylayerwas investigatedexperimentallywhenthebound-
arylayerwas causedto separatefromthesurfaceof a tubeof large
diametercomparedwiththeboundary-layerthickness,by meansof a
collarmountedon thetube. The investigationwas conductedin a
Langleyblowdownjetat a Machnumberof 3.03, fora Reynoldsnumber

rangefromabout2 x 106 to 19 x 106.

The dimensionalstudy,basedon certainsimplifyingassumptions,
indicatesthatthe criticalpressureriseacrossa shockwavewhich
justcausesseparationof theboundarylayeris proportionalto the
skinfriction:The availableexperimentaldataon flatplatesindicate
thatthecriticalpressurerisevariesas theReynoldsnumberto the

.
-~powerforlaminar-boundarylayersandas theReynoldsnumberto the

-$powerforturbulentboundary-layers;therefore,theseresultsare

in agreementwiththepredictionof thedimensionalstudy. TheMach
numbereffecton thecriticalpressurecoefficientforturbulentbound-
arylayersappesrsto followthatwhichis predictedfortheskin-friction
coefficienton a flatplate. The significanceof theresultsobtained
is discussedrelativeto certainpracticaldesignproblems,suchas
supersonic-diffuserdesign.

INTRODUCTION

Increasinginteresthasbeenshownin recentyearsconcerningthe
phenomenaassociatedwiththeinteractionof shockwavesandboundary
layers.A comprehensivereviewof.thepresentstatusof theproblem.
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frombothe~erimentalandtheoreticalconsiderationsis givenin
reference1. Experimentalinvestigationsshowthat~thestateof th
boundarylayer,thatis,

3

‘whethertheboun~ layeris laminaror.tur-
bulent,largelydeterminestheresultingshock-wave.configurationand
theupstreaminfluence,of--theshockwaveon thebofidarylayer. (See
references1 to 4.) The studiesup to thepresent–timehavebeencon-
cernedprimarilywiththedifferencesin shock-wavepatternforlnter-
acti.onwithlsminarandturbulentboundarylayers’;however,it was
desiredin thisinvestigationto determinetheconditionsunderwhich
a boundarylayerseparateswh”ena shockwaveimpingesuponit. Such..
informationwouldhavewl.despreadapplicationin ae~odynamicproblems,
especiallyin thedesignof efficientsupersonicdiffusersandair”
inletsandin thealleviationOfflow separationorairfoilsandbodies.
Someexperimentaldataareavailablefrompressuredistributionson
flatplatesin whichseparationis inducedby interactionof shock
wavesandboundarylayers(referencesl.to 3); however,thesedataar~
limitedin scope,andtheeffectsofMachnumberandReynoldsnumber ‘“
havenot-beendetermined.Thispap~.prese~tstheresults of’ a dimen-
sionalstudyof theproblemalongwithsystematicwind-tunnelmeasure-
mentsof theeffectsof Reynoldsnuiberon t“hepressureriseaci-o”se
shockwaveswhichcauseseparationof theboundarylayeron a“flat—
plate-.. -. . . .-- -.-..:...:

TheexperimentalInvestigationwas conductedi“na hngley blowdown
jetat a Machnumberofi3.03, for a Reynoldsnumber”rangefrQmabout
2 x 106to 19 x 106.,““Theboundarylayerin theset=stsappearedto be
fullyturbulent,exceptperhapsforthelowe”stReynoldsnumberdata
presented<Thebound~y la-yeritivestigat”e-dwas on the&fifaceof a
2.94-inch-diametertubewhichwasmountedin theceriterof the8.5-inch
testsectionof thejet. Theboundarylayerwas causedto separate
fromthesurfaceof thetubeby meansof a collarrnounted”onthetube
whichinducedinteractionof the–shockwaveandbotiiidarylayerahead
of it. (Seefig.1.) ThedistancefromtheCollu-.totheleadingedge
of thetubewasvariedin orderto changetheReynol-dsnumberat which
the-shock-inducedseparation”tookplace. !(?heie’exp%-imental“results
werecomparedwiththepredictionsof thepresentstudyandwiththe
publishedresultsof previousinvestigations.
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Subscripts:

1

2

w

crit.

localskin-frictioncoefficientf+,.:)

( )P2 - PI
pressure coefficient

: plulp

velocityin the x direction

longitudinaldistancefromleadingedgeof tubeto
intersectionof shockwaveandboundarylayer

axisnormalto tube

kinematicviscosity(P/P)

coefficientof

massdensity

totalstress

vi3cosity

staticpressure

Machnumber

dynanicpressure

boundary-layerthickness

factor

factor

freestream

behindtheshockwave

wallvalue

critical
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DIMENSIONALSTUDYOF
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-.
SHOC!K-INDUCE~EPARATION .

.-

Whenconsideringtheinteract~onof a boundarylayeranda shock d“
wave,it is usefulto rememberthatif th&infinitepressuregradient
thattheshockwaverepresentscouldextendalltheway to thewall
therewouldcertainlybe”a re~erseflow(separation)in thegaslayers
closeto thesurface.The natureof theboundarylayer,however,is
suchthatthepressuredifferenceacrosstheshockis spreadoutin the
lowerlevelsof’theboundarylayerbothin frontof andbehind-theshock
wave. Forthepurposeof’thisdiscussionitseemslogicalto assume,
at leastas a firstapproximation,thattheextenti=ofthisspreadat
thewallisproportionalto theboundary-layerthickness?5.If this
is so,it willbe instructiveto considertheeffectof a shockwave
havinga pressurerisefrti pl to p2 on thel~est levelsof a

..

boundarylayerof thickness5. If these””lowest“levels-comprisea
thicknessab,where a is a smallquantity,andthepressurerise
P* - Pl is spreadat thesurface-overa di~tance’”@b,.the.boundary-

layerpicturewillhe as.ehown:

Y I

U1..

m

.

h--iP+-
Now,i~the boundarylayeris notto sepsratejtherateat which

..

momentumis transferredintothesmallrectanglewithsides a5 and
135by theshearingforcesin theboundarylayermusttendtobalance
therateat whichthepressureriseseeksto takemomentumout~f the
rectangle..If thevelocitythatentersthefrontof therectangleis
small(asit is nearthewall)comparedwiththec-kngein velocity *-

thatcanbe,inducedby the-pressurerise P2.- PI, and if, in order to
u
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haveno separation,thechangein u mustalsobe,smallto prevent
reverseflow,thentheconditionforwhichseparation.Iustoccursis
approximatelythatthechangeinmomentumper-unittire=inducedby the
pressurerise p2 - pl mustjustequalthemomentuminducedperunit
timein theelementby theactionof shear. Sinceit is logicalto
assumethattheamountofmomentumbeingtransferredacrossboththe
upperandlowersurfacesof theelementconsideredisproportionalto
theinitialwallshearingstressuponenteringtheelement,thenet
amountof momentumthatremainsin theelementis alsoproportionalto
theinitialshearstress.Thus,

so that oAP aC
~ crit f

In general,forlaminsrIayers,
-1

Cf aR5
andforturbulentlayerswitha ~-power. 7

Cf ccR5-1/4

velocityprofile,

Forboundarylayerson flatplates,equations(3) and (4)become,
respectively,

()Ap -1/2
= Rx

g
crit

and

oAP -1/5
a Rx

g’
crit

(1)

(2)

(3)

(4)

(5)

(6)

Sincethederivationof equations(5) and (6) andthe stsrtof the
experimentalinvestigationa paperby Stew=tson(reference5) has

. cometo theattentionof theauthors.The considerablymoredetailed
analysisof reference5 leadsto the inferencethatthedimensionless
pressureriserequiredtd produceseparationwouldbe of theorderof.
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-2/5
..

Rx forthelaminarboundarylayer.”“It“is“interestingto not-that
*

—

by thesimpleassumptionsor the“presentstudye result-isobtainedwhich
is verycloseto thatindicatedby Stewartson’smoredetailedanalysis. a

EXPERIMEN!CALTEC~IQJJE “-”

Apparatus,Methods,andTests

The experimentalpartof thisinvestigationwa~.conduct&din a“
LangleyM = 3.03blowdownjethavingarecta~lar testsectionapprox-
imately8.5incheshighand10 incheswide. Thistwo-dimensional
nozzlewas connectedby wayof a settlingchambert~_a supplyof-dry
compressedair”anddontrcilledby a valvein sucha ~nner thatthe
chamberpressurecouldbe heldconstantat anydesiredvalue. All the
testsweremadeat a settling-chamberpressureof 134.7poundsper
squareinchabsoluteandat a stagnationdewpointwhicheliminated
anyeffect“ofcondensation.TheReynoldsnumberof’the--testswasabout
1.87x 106perinch.

Im”smuch-8sit”wasdesired~~”theseteststo eliminatetheinfluence
thatthesidewallsof thetunnelnormallyexer-ton-theiriteractionof
shockwavesandboundarylayerson flatplateswhich-spanthetunnel
testsection,thetestsweremadeon a tubewftha tallthinenoughnot
to choketheenteringflow(fig.1)whichwasmountedsymmetrically
aboutthecenterline-o&thetestsectionof%he jet. Theradiusof
thetube(1.47inches)was about12 ttiesthethicknessof theboundary
layerpredictedby theuseof reference6 .atthelargestvalueof x
obtainedin thepresentinvestigation.It.is believed,therefore,that
thetestconditionsareessentiallythe sameas wouldbe obtainedon a
flatplatein two-d&nsionalsupersonicflow.

Theboundarylayerwas caused-tc”sep&ate”frorn<hes&fac& of the
tubeby meansof a collarattachedto thetubewhich,inducedthedesired
interactionof shockwaveandboundarylayerupstreamof thecollar.
Thismethodof inducinginteractionwithboundary-layerseparationwas
usedinreference4 andappearedveryconvenient:for.~hepresent
tubearrangement.Thetwocollarsinvestigated projected0.15 inch ““
and0.30 inch aboveth& surface of thetube. The0.15-inch collar was,
investigated because”it is.of theorderof thecalculatedboundary-
layerthicknesson thetubeat thegreaterdistances,fromtheLeading
edgeof thetube. The0.30-inchcdll”qrwas inv~itigated.tcrdetermine -.
theeffectsof”thegreatercollarheighton theshoc&.-wavepatternsat
smalldistances“fromtheleadingedge.o,fthetube. TheReynoldsnumber
(based-uponthelongitudinaldistancefromtheleadi~ ed&of thetube

“.

—.-

.—

--—
..

.
.“””

. .-

.
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to thepointof incidenceof theshockwavewith
wasvariedby charigingthelongitudinallocation

7

theboundarylayer)
of thecollaron th”e

tube. The=ximum-possibledi=tancefromtheleadingedgeof thetube
to thecollarwas 11 inchesforthepresentarrangement.Shadowgraphs
weremadeof theinteractionof shockwaveandboundarylayerin order
thattheshockanglein,theimmediatevicinityof the interactioncould
be measured,andthepressureriseacrosstheshockwas thusdetermined
fromthe shockangleandknownfree-streamMachnumber.

Accuracyof Measurements

At leasttwoshadowgraphsweretakenforeachtestconditionin
orderto providea checkon themeasurementsof shockangleobtained.
The shadowgraphsweremagnified10 timesin a profileprojector,and
the shockanglesweremeasuredfromthemagnifiedpicturesin orderto
obtainmaximumaccuracy.It is estimatedthatthevaluesof Ap/ql
presentedhereinareaccurateto within& percent.

RESULTSAND CORRELATION

TestResults

Theresultsof thet~stsat a Machnumberof.3.03aregivenin
tableI and in thetypicalshadowgraphsof figure2. As shownin
tableI forthetestswith0.15-inchand0.30-inchcollars,thepressure
,riseacrossthe shockwavefor separatedboundarylayersgenerally
decreasedslightlywithincre”asein Reynoldsnumberfora Reynolds

numberrangefromabout2.24x 106to 19.05x 106. Thedatashowthat
theshock-wavepatternsweresimilarforthetwocollarheightsinves-
tigatedthroughouttheReynoldsnumberrangeof thetests(fig.2).
The testresultsfurthershowthatthe distancefromtheleadingedge
of thecollarto theapparentlocationof the intersectionof the shock
wavewiththeboundarylayerwas essentiallyconstantthroughoutthe
Reynoldsnumberrangeforeachcollar.Thisdistancewas about0.8 inch
forthe0.15-inchcollarandabout1.5inchesforthe0.30-inchcollar.

The slightdisturbancesextendingo~twardfromthetubesurface,
notedin someinstancesforthehighReynoldsnumbertests,resulted
fromscarson thetubesurfacedueto the screw-t~elockingdevice
usedforthecollars;however,thesedisturbancesarenotconsidered
to haveaffectedappreciablytheresultsobtained.*

.
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CorrelationwithOtherResults

Thevariationsof
()‘~/% ~~i~ withReynoldsnumber Rx obtained

at a Machnumberof’3.03”are“presentedin”figure3 forthetwocollars:
Includedon thisplotiaretheavailable.datafrom“other#ourcesfor
bothlaminarandturbulentboundarylayers.Theunpublished-datapoints
givenin figure3 wereobtainedcm a circular-arcairfoil(M = 1.37)
andon a wedgeat negativeanglesof attack(M= 1.2)by meansof an
interferometertechniqueanda testifacilitysimilarto that-described
inreference7. Mostof thedatafromothersources(re@rences1 and2)
aregivenin theformof pressuredistributionsalongflatplateswhich
experienceinteractionof shockwaveandboundarylayer,andthemethod
of determiningthepressureriseacrosstheshockwaveforbothlaminar
andturbulentboumdarylayersis indicatedin thefollowingsketchesof
thetypicalpressuredistributions

l?/Pl1
4/P~

Laminarboundarylayer

For interactionof shockwavesand

obtained:

P/Pi

L
Turbulentboundarylsyer

turbulentboun&irYlayersthepres-
sureriseacrosstheshockwavewhichcausesse~rationis easily-
determined,as shownin thesketch.For lkuninarboundarylayers,how-
ever,thecomplexshock-wavepatternspro&ce a pressuredistribution
withthepreseure,risein twosteps.Exceptforveryweakshockwaves,
thestrength.oftheincidentshockwaveismuchgreaterthanthecritical
pressureof separation-ofthelaminarboundary”layer,and so a small
shockwavewhichwill-just-causelaminarseparationmovesaheadof--the
mainincidentshockwave. Thepressureri$eforthe_laminarcaseiS}
therefore,takenat thekneeof thefirststep”of thepressuredistri-
bution. Theboundarylayer”downstreamofthispoint”is turbulentand
mustwithstandthelargepressureriseof-themaini’ncidentshockwave.

Exceptforan apparent--transitionregionof 0.8 x 196 < Rx < 3 x 106,
thepressureriseacro”ssa shockwaverequired”for~eparationof the

. -.

.

.-

.

-.

—

*

,.
.
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. -1/2
boundarylayermaybe representedby a curvewhichvariesas Rx

-1/5
forlaminarboundarylayersandas Rx. forturbulentboundary
layers(fig.3). Thisresultis verysimilarto thewell-knownvsri-
ationof skin-frictioncoefficientwithReynoldsnumberobtainedon a
flatplate(see,forexample,reference8) and,therefore,the exper-
imentalresultsverifythepredictionmadeearlierin thispaper.

Althoughtheavailabledataareratherlimited,thegeneraltrend
of thedatasuggeststhatat anypsrticul~”Reynoldsnumberthecritical
pressurecoefficientis decreasedwithincreasein Machnumber(fig.3).
In an attemptto determinewhetheror nottheMachnumbereffecton the
criticalpressurecoefficientis of aboutthe sameorderof magnitude
as thatnotedforthe skin-frictioncoefficient(asis predictedby the
dimensionalstudy),theresultsof reference6 concerningtheextension
of theskin-frictionlawfromincompressibleto compressibleflowhave
beenappliedto thedataof figure3 forturbulentboundarylayers.
Theunpublished-datapointsof figure3 havenotbeenusedin this
studyinasmuchas thesedatawerenotobtainedon flatplatesanddo
notgivean accurateenoughindicationof thelocalskinfrictionfor
thepresentpurpose.The studywasmadeby assumingthaztheorderof. magnitudeof theeffectofMachnumberon criticalpressureratiowas
the ssmeas on skinfriction(hereevaluatedat Rb = 100,()()()from

. reference6) andobtainingthecurvesforcriticalpressureratio.
againstReynoldsnumberforMachnumbers1 and2 (dashedlinesin fig.4)

-1
froma -~pdwer curvefairedthroughtheexperimentaldataforMach

number3.03(solidlinein fig.h). As shownin figure4, theMach
numbereffecton the critical?messum coefficientdoesappearto follow
thatwhichis predictedforth~ skin-frictioncoefficient->ort
lmundarylayers.!~ y be notedthatthe pressurerisesforthedata
~-~erence 4 arelowerthanthosereported,sincean attempt

‘ks beenmadeto reevaluatethepressm risecloserto thepointof
intersectionof’the shockwaveandboundarylayerby examinationof the~’
publishedphotographs. ~rra~aW

At thepresenttimetherearenot enoughdataavailableforthe
laminarboundarylayerto justifyany statementas to theeffectof
Machnumberon thecriticalpressureratio.

.
If it is assumedthatthecriterionproposed,namely,thatthe

criticalpressureriseis proportionalto the skinfriction,is correct,
●. thencertaingeneralconclusionscan,bedrawnas to thenatureof flows

involvingboundarylayerand shockinteractions.

.
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.

ShockConfigurationsati’l?ransonicSpeeds .

Whenan airfoilsectionis testedat a Mach~numberin”excessof
itscriticalspeed,a shoc”kwavewillexiston thesurface.In most-
casesnormallyencountered,thestrengt”hof”thisshockwavel“iesin &

.,___

rangeextendingfromsomethinglessthanwill-sep@atea twbulent
boundaryto somethingjugtmoretha?will.caueet~bulenhseparatlon. .1
In general,it is farmorethancanbe:usl%ined}ya laminarboundary
layer. Thus,if thebountirylayer.on-theairfoilis lamlnar,a small
shockwav%whichcauseslaminarseparationmoves_Aheadofthemainshock
waveandestablish-s”itselfat someposi”tio”nwhereitsstrengthis that
whichis justrequiredto separatethelaminarboundary”layerat that
point. Theboundarylayer”downstreamotithispointi~generallytur-
bulent.Whetherit will“reati%chitselfi notd&pendson manythings
(nearnessto theremainingshock,strengthof thexemainingshock,
Reynoldsnumber,etc.);however,throughtheremainingshockitmust
pass,.andin generalthe”appearanceof thisinteractionismuchlike
thatin thenormalturbulentcase..The6e.factorscontribukto the
forpationof thelambdashock“pattern.Ati:.highReynoldsnumbers,if the

—

flowis larninar,th~-strengthof thefirstlegof thelambdashockwill .
be small,whereas,if theReynoldspunheris decreased,thestrengthof
thisfirstlegof.theshockwavewillificrease.Thus,it-is conceivable
tha~””atlowenoughReynoldsnumbersforhm.inarflow,therewould 4
be no lambdashock. It is alsoconceivablethatat highenough
Reynoldsntibersj”wherethe-pressurerise thatcaflbe sustainedby a

.

turbulentlayeris small,-the~hockwavewill”causeseparationahead
of itsusualpositionandtheshockpatternmay havean apl??arance
similarto thatusuallyassociatedwithlami.narboundarylayers.

SupersonicFlapsandControls

In manyapplicationswhenit is desiredthata flapbe deflected
upona wingat supersonicspeeds,thepressuredis-%ributionoverthe
wingisfavorable(forinstance,if thewinghasa circular-arcprofile)
so thattheboundarylayeraheadof theflapis l~inar;especiallyin
wind-tunneltests. If theflapis deflectedundersuchconditionsthe
resultantpressurerisemay separatetheboundarylayeraheadof the
deflectedsurface.It isalsoevidenttk”tthena@re of resulting
flowat theflapjuncturewilldependconsiderabm-onReynoldsnumber,
withno separationoccurringat lowenoughReynoldsnumbersandthe
separationeffectincreasingwithincreaseinReynoldsnumber,except
wherean increaseinReynoldsnumbermightcausetransitionaheadof the
flapjuncture.The.applicationof a roughnessstripsufficientlyfar

m’

.
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m aheadof this
in simulating
scaleflowis

.

11

pointon small-scaletestsshouldbe of considerablehelp
thefull-scaleflows, provided,of course,thatthefull-
not stilla Iisminarflowat theflapjuncture.

BodieswithLaminarFlow

Inmanycaseswherethepressuredistributionson bodiesaresuch
as to maintainlamtnarflownearthebaseof themodelat verylarge
Reyuoldsnumbers,eventheverysmallpressurerisecausedby theshock
waveexistingnearthebaseof themodelmay causeseparation.Sucha
conditionis thatrepresentedby thecaseof thehighestvalueof Repolds
numberfor whicha laminar-boundary-layerpointis shownin figure3,
wherea dimensionlesspressurerise

(/)AP ql of 0.012causedsepara-
crit

tionof theboundarylayer.

SupersonicDiffusers

Possiblythemostimportantuseof theresultsof thisinvestigation
willbe in thefieldof”supersonic-diffuserdesig”n.Fourgeneralcon-

. elusionsmaybe drawn:

(1)It is desirableto keeptheReynoldsnumberof thesupersonic
● portionof thediffuserlow. Thusin somecasesItmightproveadvis-

ableto breakonelargeandlongdiffruserintoan arrayof manyvery
shortdiffusersof thesameshape.

(2)It is generallydesirableto haveturbulentboundarylayers
at lowReynoldsnumbers..Thusartificialtransitionmaybe useful
unlesstheReynoldsnumberis so low thatthelsminarlayerwilltol-
eratealmostas largea press~e riseas a turbulentlayer.

(3) It willbe desirable to keepthe pressure rise resulting from
coalesced compressionwavesless than the -critical value at any point
and, preferably, to impingethe resuIti”ngwaveon any surface at as
low a Reynoldsnumberas possible.

(4)It is evidentthat,unlessthesupersonicMachnumberisvery
lowat”thepositionof thenormalshockwavein thediffuser,thecritical
pressureriseof a normalturbulentboundarylayerwillbe exceeded.

Use ofVortexGeneratorsor TurbulenceIncreasers

In viewof the limiting conditions pointed out in the preceding
section, it is necessaryto discuss the possibility of increasing the. critical pressure rise for separation by the use of vortex generators

.
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or someother turbulence-inducingdevice.
paper suggests that a vortex generatorbe

NACATN 2770

The approachof thepresent– .
thoughtof as preventingshock

separationat a givenpressureriseby increasingthelocal.skinfriction;
thus,thebestvortexgeneratorfora givenapplicationwillbe theone “
whichgivesthegreatestvincreasein turbulenceat somedesiredpoint
fortheincreaseinboundary-layerthicknessi_Iz?zs. ‘Inordert-o
investigatetherelativemeritso~va.riousschemeqforaddingtur-
bulence”to theboundarylayer,a techni@esimilar”to thatusedin the
experimentalportionof thepresentinvestigationcouldbe used. If
severalsetsof vortexgeneratorsto be inve~tigat”edarese&round
thetubeat a certaindistancefromtheleadinge_@geandthecollar

.-

whichinducesseparationismovedbackandforthbehindthevortex
generators,theshockangleat theedgeof there~ionof-boundarylayer
andshockinteractionmaybe obtained.This.informationcanbe usedto

.—

tellhoweffectiveeachset-of generators,wasrelativetoeachother
setat eachstationdownstreamfromthegenerat-or~.A systematicSer&S
of.suchtestsshouldenablethe select-i-onof the~ortex-generatorstu be
usedto overcomea givenshockinteractionproblem.at-a given R5,both
as to geometricalshapearidas to posit-ion.of thevortexgenerators

.

relativeto the interactiont-obe overcome.Of co~se, thereis at
every Rb a limitt-nwhatcan be accomplished-in“thisway,butit is
believedthatthevalueof thecriticalpressure“risemaybe increased

.

appreciablyover--itsnormalvalue.
.

CONCLUSIONS
—.,. —

1. A dimensionalstudyof’theinteractionof shockwavesandbound-
arylayers,basedon certainsirnplifyi.ngassumptions,igdicateg.tha&
thecriticalpressureriseacrossa shockwavewhichjustcausessepa-
rationofitheboundarylayerisproportionalto theskinfriction.

2. Theavailableexperimentaldatafromflat-platetestsat–con-
stantMachnumberindicatethatforlaminarboundarylayersthecritical
pressureriseisproportionaltmthe inverseot.th.esquarerootof the
Reynoldsnumber,tha-tis,

—

()AP -1/2 .-

< “%
crit

.
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andforturbulentboundarylayers

13

Therefore,theseresults
dimensionalstudy.

()AP -1/5
aRx.

F crit

sre in agreementwiththepredictionof the

3. TheMachn~ber effect on the critical pressure coefficient for
turbulent boundsrylayers appearsto follow that whichis predicted
for the skin-friction coefficient on a flat plate.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,March21, 1952.
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TABLEI

SUMMARYOF TESTRESULTS

@= ,.og

collar Shock

()

Ap
height (i:.) angle q Rx
(in.) crit

0.15 1.20 280~ !. 0.193

!

2.24X 106
2.15 28°47‘ .205 4.01
3.10 28°29’ .1.98 5.79
4.2o 28° 61 .188 7.84
5.15 27°45‘ .1.80 9.62
5.20 28° o‘ .186 9.70
6.18 28°16’ .192 11.54
6.18 28° 9‘. .190 “ 11.54
7.20 27°58’ .185 13.44
8.20 27°30‘ .174 15.31
8.23 27°55‘ .184 15.37
9.2Q 26°58’ .161 17.17

10.20 26°43‘ .156 19.05
0.30 1.45 28°50’ .2Q6 2.71

I

3.50 27°43‘ .179 6.54
3.50 28° 6‘ .188 6.54
4.50 27°26’ .172 8.40
6.x 27° 7‘ .1.65 12.14
6.50 27°u I .167 12.14
7.50 27°M’ .180 14.00

27°20’ .170 14.00
.% 27° 4‘ .164 16.11.
8.63 26040‘ .154 16. II
9.60 26°50’ .158 17.92
9.60 26°52’ .159 17.92

.

.
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Fimre 1.- Iscmetricdrawtioftube-collar
shock-vave- bounds.ry-li+srtiteraction.
tube,2.94inches;insidediometer,2.7’6

arrangementused for
Outside diameterof
inches.

.
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X=6.18

(a) O. 15-tich
.

X=72(3

x=820
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x=9.20

X=IO.20

collar . ‘ ~

L-74370

.

Figure2.-Shadowgraphsof interaction-ofshockwave.wd boundarylaYer.
Ml =-3.03;x -is h inches.
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x=3.50

.

(b) 0.~-hd CO~~.

Figure 2.- Concluded.

. ,
1

X=&63

L-711371

.



, ,

.

●

Figure3.-VariationwithReynolilsnumberof criticalpres&e coefficient
acroasshockwaveswhichcauseseparationoftheboundarylayer.
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Figure 4.- Effect of Mach number on the variationwith Reynoldsnumber
of criticalpressurecoefficientacross shockwaves which cauae
separationaf the turbulentboundary IAyer.
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